• Identify, in this study of male employees without clinical coronary heart disease, any associations between parameters of job stress (perceived demands and control, social support at work) and purported biological markers of inflammation.
F or many years, psychosocial factors have been suggested as possible intervening elements in the causation of cardiovascular disease (CVD), with occupational stress as a major issue of attention. [1] [2] [3] [4] [5] [6] [7] One of the most influential and widely used models in this field is the job demandcontrol-support (JDCS) model, introduced by Karasek in the 1970s. 8, 9 Because classic risk factors such as blood pressure and blood lipids cannot fully account for the association between job stress and CVD, alternative pathways are explored. Recently, chronic inflammation and infection have been suggested as possible mediating mechanisms. There is growing evidence for the role of inflammatory processes in the development and progression of CVD. 10 -17 Additionally, it is suggested that chronic infections contribute to inflammatory activity and hence to the development of CVD, although results are less consistent. 15,16,18 -24 Given the growing support for the predictive value of inflammatory and, to a lesser extent, infectious parameters regarding CVD, these mechanisms are possible intermediate variables linking psychosocial job stress to elevated risk of CVD. Hence, it is hypothesized that psychosocial stress is associated with markers of inflammation and infection. Excessive job stress could make a subject more susceptible to infection and/or by an altered immune system induce chronic inflammation. Plasma fibrinogen levels have been related to job strain in several studies, but results are not consistent. 25 The aim of this study is to examine cross-sectionally whether dimensions of job stress from the JDCS model relate to biomarkers of chronic inflammation-fibrinogen, C-reactive protein (CRP), and serum amyloid A (SAA)-and infectionChlamydia pneumoniae (CP), Helicobacter pylori (HP), and cytomegalovirus (CMV)-in a sample of 892 males free of clinical coronary heart disease.
Materials and Methods

Subjects
The assumed link between occupational stress and markers of inflammation and infection has been tested with data from the BELSTRESS project, a large epidemiologic cohort study about job stress, cardiovascular, and other health issues and sickness absence. 26 Within 25 large companies or public administrations across Belgium, all workers aged 35 to 59 years were personally invited to participate in the study. Between 1994 and 1998, a total of 21,419 respondents (16,329 men and 5090 women) completed a questionnaire and underwent a medical examination. A participation rate of 48% was reached. Within the BELSTRESS project, a casecontrol study was set up in which 446 cases with evidence of coronary heart disease were identified. 15 Twice this number of subjects were matched on working environment, age, and educational level. Results here are based on this sample of 892 male subjects free of clinical coronary heart disease. These workers were recruited from 13 private companies (55% of the sample), 4 public administrations (28%), 6 banks and insurance companies (16%), and 2 hospitals (1%). The sample contains 116 executives (13%), 402 white collar workers (47%), and 343 blue collar workers (40%).
Questionnaire
Dimensions of job stress were assessed using a self-administered questionnaire-the Job Content Questionnaire (JCQ)-that measures 3 dimensions of the job. Psychologic job demands and job control each contain 9 items; social support at work was measured by 8 items (coworker and supervisor support, 4 items each). 9, 27 In case of 1 missing value per (sub)scale concerning the dimensions of demands, control, and support, the mean value that is calculated over the set of remaining valid (sub)scale items for that particular respondent was imputed, picking up 5% more valid cases at most. Reliability and validity of these scales within the BELSTRESS project have been demonstrated. 28 The population is divided into 3 groups regarding the scales of job demands, job control, and social support based on the values of the tertiles. The construct of high job strain refers to the combination of high levels of job demands (values above the median) with low levels of job control (values below the median). This category is contrasted to all other possible combinations of levels of job demands and job control. The "iso(lated)-strain" group is composed of participants with high job strain combined with low levels of social support at work (values below the median). The questionnaire also includes information on age, educational level, smoking behavior, alcohol consumption, and use of lipid-lowering and antihypertensive medication.
Biomedical Examination and Analysis of Blood Samples
Participants were medically examined by trained observers using standardized methods. Body mass index (BMI) was calculated as body weight (in kilograms) divided by the square of the height (in meters). Blood samples were drawn from sitting, nonfasting individuals at the time of their clinical examination. Blood was allowed to clot, centrifuged, and the supernatant serum was kept frozen at Ϫ70°C until analysis. Blood was simultaneously collected in tubes containing trisodium citrate for the determination of plasma fibrinogen. Measurements were made by trained technicians. Assessments were made of plasma fibrinogen, SAA, and high-sensitivity CRP concentrations, and of titers against CP, CMV, and HP. Detailed information about blood analyses has been published elsewhere. 15 
Statistical Analyses
Given the skewed nature of the distributions of the inflammatory variables plasma fibrinogen, CRP, and SAA, natural logarithm (ln) transformations were performed, which resulted in normal distributions. The relation between dimensions of job stress from the JDCS model and these inflammatory biomarkers was analyzed by means of one-way analysis of variance on the differences in geometric means. A post hoc test (Tukey-HSD) was performed to make pairwise comparisons of the factor level means.
The infectious parameters CP, CMV, and HP were treated as categorical variables, dividing subjects in having either negative or positive titers against these biomarkers. Logistic regression analyses were conducted in which the odds ratios refer to the risks of having positive titers against the infectious biomarkers.
All statistical analyses were performed using SPSS software.
Results
Sample characteristics for basic variables and job stress dimensions are presented in Table 1 . The median for plasma fibrinogen concentration in the population is 314.4 mg/dL (mean value 320.3 mg/dL and standard deviation [SD] 68.2), for CRP concentration 0.94 mg/L (mean value 2.06 mg/L and SD 4.7), and for SAA concentration 2.10 mg/L (mean value 5.04 mg/L and SD 18.7). As for the infectious parameters, dichotomous categorical variables were created. With respect to CP, the population was divided into 23% negatives and 77% positives, with the cut point set at 0.70 U/mL. The cut point for CMV was set at 70 U/mL, which results in 53% negatives and 47% positives. There are 64% negatives and 37% positives on the HP marker; a subject was considered seropositive if either IgG or IgA was above 10 U/mL. Table 2 shows associations between inflammatory biomarkers and JDCS variables. Analyses of variance were performed on the lntransformed plasma fibrinogen, CRP, and SAA concentrations. A significant negative association was found between job control and plasma fibrinogen concentration, independent from age, educational level (in three categories: low, medium, and high), occupational group (in three categories: executives, white collar workers, and blue collar workers), BMI, smoking status (smoker vs. nonsmoker), alcohol consumption (g/d), use of lipidlowering medication (yes vs. no), and use of antihypertensive medication (yes vs. no). The difference in mean plasma fibrinogen concentra- tion between the group perceiving high and those perceiving low or medium job control reaches borderline significance (P ϭ 0.06). Subjects with high social support at work tend to have a higher mean plasma fibrinogen concentration, but this association is not significant when adjusting for covariates. None of the job stress dimensions correlate with mean concentrations of CRP and SAA.
In logistic regressions, the risks were calculated of having positive titers against the infectious biomarkers CP, CMV, and HP ( Table 3) . Dimensions of job stress are in no way associated to the risk of scoring positive on CP and HP in the study population. A positive independent association was found between social support and CMV; participants with low or medium levels of social support at work have approximately 40% less risk of having positive titers.
Discussion
Associations between dimensions of job stress from the JDCS model and biomarkers of inflammation and infection were explored in a sample of 892 male subjects free of clinical coronary heart disease. A negative association was found between perception of job control and plasma fibrinogen concentration, independent from age, educational level, occupational group, BMI, smoking status, alcohol consumption, and use of lipid-lowering and antihypertensive medication. Higher social support at work was independently related to an increased risk of positive titers against CMV.
Inflammation as a potential mediating mechanisms in the relation between stress and CVD has been extensively elaborated. 29, 30 It has been suggested that perceived job stress may be related to elevated plasma fibrinogen, although results are not consistent. 25, [31] [32] [33] [34] [35] [36] [37] In general, the dimension of job control has been more consistently related to fibrinogen concentrations than job demands, which is in line with our findings. 35,38 -40 Fewer studies have been conducted on possible associations between job stress and concentrations of CRP and SAA. Elevated concentrations of CRP have been found in people with higher job demands. 41 In the Whitehall study, however, no associations were found between plasma levels of CRP and job demands, job control, or social support. 42 Based on our results, we are unable to show any relation between job stress dimensions and concentrations of CRP and SAA. These biomarkers are believed to be part of the acute phase response that is induced by stress, but stress may not be implicated in the direct induction of CRP and SAA. 29 Also, it recently has been suggested that the predictive value of CRP with regard to coronary heart disease may have been overestimated in earlier studies. 43 However, these findings do not imply that the idea of inflammation as a potential mediating mechanism between stress and CVD is not useful. More research is needed, for instance, on the proinflammatory cytokine IL-6. It is believed that psychosocial stress induces neuroendocrine stress responses by stimulation of the hypothalamic-pituitaryadrenal (HPA) axis and thus increases circulating levels of IL-6, which in turn is an important regulator of CRP. 29, 44, 45 It is hypothesized that the relation between stress and CVD may partly be mediated by an increased susceptibility to infectious disease, although the predictive value of infectious biomarkers regarding coronary heart disease is uncertain. 46 For a long time, it has been suggested that psychologic distress may be associated with the onset of infectious diseases. 47 Evidence of a negative association between stress and antibody response to vaccination has been shown. 48 The scales of job demands and job control, as well as the high strain and isostrain constructs, are not related to the risk of having positive titers against CP, CMV, or HP in our sample. However, higher social support at work was independently related to an increased risk of positive titers against CMV. This is contrary tot expectations because social support has been negatively related to infection in a number of studies. 47 Further research with larger numbers is needed to clear up this issue.
Participants in this study were not recruited from a representative sample of the active working population in Belgium, which may limit the external validity of the results. However, because the study cohort covers a broad range of companies and occupational groups, it can be expected to contain substantial variation in exposure to job stress. The participation rate of 48% within the BELSTRESS project is rather low, and hence a selection bias with respect to personal and job related characteristics cannot be ruled out. Unfortunately, no information was collected to elicit the effect of nonresponse. A random selection of eligible employees on the payroll list showed, however, that nonrespondents and respondents had comparable distributions of age and gender. Moreover, the cardiovascular risk profile of the 892 men involved in this study is in line with expectation for a male Belgian working population of that age range.
The main limitation of this crosssectional study is that it does not allow conducting of prospective analyses. It might be that psychosocial job stress has a rather prolonged effect on biomarkers of inflammation and infection. Furthermore, dimensions of job stress were assessed at only one occasion, which results in increased risk of misclassifications as a result of inaccuracy in assessments. 49 Multiple assessments would also allow to identify situations of chronic or repeated perception of job stress. It has been argued that the progression of infection and inflammatory atherosclerosis is related to stressors that are recurrent or enduring. 29, 48 As a result of their intraindividual variability, the reproducibility of biologic markers is undoubtedly restricted. 50 -52 This probably is particularly the case for plasma levels of CRP and SAA, because these firstclass acute-phase reactants are the most sensitive plasma proteins that indicate inflammatory activity. 53 It has been suggested that multiple blood samplings of plasma fibrinogen and CRP are required to decrease the contribution of their intraindividual variation. 50, 52 In conclusion, both the perception of job stress as biomarkers of inflammation and infection were measured with rather imprecise methods. As a result of this, the truly existing associations have most likely been underestimated. Therefore, large prospective studies with multiple assessments of exposure and outcome measures are needed to explore possible associations in greater detail.
